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Abstract 

Variant CD44 ha^ rec£nt)> been shown to serve a.f 8 nieCB5ta.ql5 marker 
tn humin brean csbcer. Cemiii vAri&nt epitope cm pHmfiky tuxncrs 
predict poor survival probabilities for the patieats. In this study, inunu- 
noblstochemical analysis on 6 uterine cenica) carcinomas showed strong 
expression of stv^ral CIU4 variant «pUop6s ib all samples. In Dormal 
cfiTTica! epithelia from 5 patlenu, expression of tbese epitopes was re- 
fcricted to particular cell layers, with eTpres^ion being strong in bas^l aod 
fpibAl cells but absent in superildal celb. Fifteen of 16 cancer samples 
wer* stainoa f trongly wjtlj a« antit>ody which rwgaisws ont pArticwiar 
CD44 epitope tliat is encoded by both variant cxcns v7 and vg. Thlt 
epitope was not detectable En normal cervical epitlMlium. CD44-mRNA 
spiking analysis showed qualitative and quantitBtive diflerences between 
aiBli|;nant and normal ti»iies with a much more comp)c:x splice patten 
aad high expression of a large CD44 isofonm containing variant eaon) v3 
to Tio Cindudine the v7/v8 transition epiiope) in about onchalf of the 
urncvr sampler Interestingly, patients with lymph node metastases were 
iu lhi£ group only. Thesi; difTerences in CD44 epitope expression and 
niKNA splictne in cervical cardnooia reveal dynamic changes Id CD44 
cxpre55ioD durlfks csrcinoeenesis. Such cbanees could proTide meta^taiic 
cells with a selective advaniace durine the cardnoeenic process. Further^ 
more, the v7/r8 epitope may be suitable for screenlne eariy stAAe^ of 
cervical cancer. 

Introduction 

Despite decreasing incidence rates (1), the prognosis for patients 
suffering from advanced stages of cervical cancer is poor (2-4). Eari> 
diagnosis is based on the pathologicaJ evaluation of early moipholog- 
ical changes Id the epithelial cells (cervical smear). It would be 
desirable to find defined molecular markers for early cancer detection 
^^'hich can be used for staging and as prognostic factori;. Expressioa of 
altfcmarively spliced CD44 isofonns> carrying the so-called variant 
Batons v5 and v6, conclatca with advanced stages of human breasi and 
colon cancers (5)* and aggressive and metAstatic human l>mphoma 

(6) and is found on metastatic rat pancreas and breasi cancer cell lines 

(7) . Several laboratoricf have also reported changes ra CD44 Splice 
patieras in human cancers (8, 9). B;q)erimental animal studies and 
clinical evaluation both Strongly Suggest causal roles for these pro- 
teins in tumor progression and particularly in l>'mphogcnic roeiastaiic 
^read. 
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The normal functions of variants of CD44 3re, hovsever, unknovn. 
Many epiibeHa carry splice variants, including the epithelial cells of 
human skin, bladder, stomach, and uierinc cervix (7, 1 0). Ji has noi ycl 
been Investigated whether cancer cells originating from such epithelia 
make use of these or other splice variants of CD44 during metastatic 
disease. We show here thai normal cervical ^ithclium cxpresBee 
variant epitopes. During cardnogenesrs, the pauem is changed; 
CT44v* synthesis is enhanced overall and a new epitope appears 
which is reflected by nov^ RNA splice variants. 

Materials and Methods 

Tumor and Normal Tissue Samples. Cancer samples and normal tissue 
samplcE of human uterine ccnix were provided by the DcpartmeDl of Gyoe* 
COlogy, UnivcT&ity of Heidelberg (Qcnnany). All samples had bccn snap- 
frozen in liquid niirogeo inuncdiately after surgical wcision and stored at 
-SO^C until u^agc. Five normal tissues wcjcobwincd from paiienis undergo- 
ing B total hysterectomy due to nonneoplastic dis&ases. Sbctesn cervical cancer 
sample J (15 squamous cell carcinoma* and 1 adcDOCwcinoma) were also 
obtained. The stage of the tumors ranged firOTO lntem»lional Federation of 
GynecologiRtA and Obstetricians irtage Ib (n - 7) apd stage Jllb (n - 5) to Stage 
nib (n = 4). 

Immutaolufitoehcinjftry and Antibodies. AH dccp-jEroTCD (issue Samples 
vera cut into 7-^-thiek tisiuie layers and fixed. Immuposiaining was per- 
formed as descnbad previously using standard protoools (5, 8). Monoclonal 
antibodies (moose luiti-human mAb) and pglyclona) sera (rabbit 8Dti-hl>man 
Sutiteruro) directed againsi different varisnt cpjtopw Of the CD44 molacule 
were uked (Fig. 1), the specificity of which was shown elsewhere (5, 6). The 
mAb VPPn is directed against an epitope formed jointly by exons v7 and v8. 
The mAb SFF^ recognizes an epitope close to the NHj terminus of the CD44 
standard ponion staining CD445 as well as CD^iv. Either bictinylaled anti- 
mouse (mAbs) or aaii-fabbit (polyclonal seta) F(ab')3 (DAKO Corp., Sania 
Barbara, CA) were used a& secondary antibodies for the sfreptavidin-bioiin- 
peraxidase complex (DAKO Corp.). Afiei Iht all nuclei were counlerstaincd 
with hemaioxylin, the seaions ware mounted with glycerol-gclatin and were 
th^ evaluated. 

Reverse Transcription-PCR AmpUncaUon. Three m€ of total RNA (iso- 
lated from tumor and nonnal tissues) were prepared and TeveTse-iranscrit>ed as 
described previously (7). Five m1 of fusi-strand cDNa were amplified by Taq 
polymerase (Amersham) In a volume of 50 ^. using Taq polymerase buffer 
(Amersham). For glyccraldchyde-S-phosphaie dehydrogenase PCR oUfiOnu- 
cleoiides hpmolocous to positions 6-29 and 362-339 of The published (iDNA 
sequence (13) were used. For amplification of variant CD44 iransciipis. 
primers boraoloeous to positions 513-5*0 and 934-956 of the published 
human CD44 sequence (12) were used- After 25 (glyccraldehyde'3-phosphaie 
dehydrogenase) and 30 (CD44) cj'des of amplification (94''C for 1 mta, tf2'C 
for 1 min. 72*C for 25 rain) 10 ^ of the rcactk)n mixtire were resolved on 
1.0% agarose. The amplifjcanon products were visualised under UV light after 
cthidiam bromide staining and the CD44 products were subiioquenUy trans* 
ferred onto nylon membranes (liybond N-f-, Amersham) for $authcm blotting. 
^*F-Labeled hybridizaijoa probes were synthesized by PCK using variant 



^Tliii ob^ireviBiions uud are: CD44v, variint CD44; mAb, mcnodoia] ^nijbodv; 
C^EM4». mndard CD44; cDNA, compjcmenlary DNA; PCR, polymerise chain rwclion. 
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CD44 won-6pecific primer? homoJogous \o positions 24-53/Sl-JJO (v3), 
l28-l,M/2)3-239(v4), 243-271/327-356 (v5). 357-383/456-4B: (v6). 489- 
515/5S5-614 (v7), 62l-647/6y2-7iy (vS). 722-75a'77y-(K)« (v9) and 812- 
838,W-im3 (vlO) (13). 

Results and Discussion 

Si>rteen cervical carcinomas and 5 samples of normal cervical 
epithelium were screened for the surface expression of NH^- terminal 
and of variant exoa epitopes of CD44 (Fig. 1), artd for CD44-mRNA 
by reverse Irdiiscriputsc-PCR (sec "Sdatcrials and Mcthuds"). These 
data penult conclusions for both (a) normal cervical different iaiion 
dnd (b) carcinogenesis. 

Epithelial DifTerentiation. NH^-terminaJ epiropes are present on 
subepithelial stromal cells and ihrowghoui *1) epjihelja) layers (Fig. 
2G). The prtS&nCc of NHj-tcrminal epitopes indicates CD44 promoter 
activity in all aUomal cells and epithelial layers. Epitopes of variant 
cxons are absent from stromal ccUs bui are strongly expressed by 
epithelial cells. However, the epitopes are lost toward the epithelial 
surface and are absent from the stratum superfidale (Fig. 2, A, C). 
One epitope formed by the imnsilicn pari of exons v7 ind vg recog- 
nized by the mAb VFF17 (anti-v7A^S) is totally absent from normal 
epithelium (Fig. 2E). This pattern of immune staining could be inter- 
preted (o indicate the surface expression of one or several C1544 
Lsoformp with regulated accessibility of epitopes (e.^., by glycosyla- 
lion) or the regulated synthesis by alternative splicing of several 
isofOrmii. thereby excluding the exon v7/v8 combination indic^red by 
the transition epitope. The 0-glycosyl*tiort siie close to ibe 5'-end of 
exon vS (7, J 4) could result in nonacccssibility of the epitope to the 
antit^ody. Regulated synthesis of variant exon containing CD44 
isoforms has been reported previously in activated lymphocytes 
and in skin keratinocytes (15. 16). In the cervical epithelium the 
highly active and strongly proliferating basal cells show strongest 
CD44v expression whereas the more quiescent superficial cells 



do not, although promoter activity, shown by the NHi-tcrminal 
epiiopc, ex is IP. The differences, therefore, represent cbanges in 
^Hcing or glycosylation. 

To explore whether alternative spliciiig C^n be detected, RKAs 
were analyzed bv semiquandtativc reverse transcriptase-PCR- Long- 
exposure hybridization with variam txon probes (synthesized by PGR 
with cxon-specific primers) reveals ihc presence of alternatively 
spliced longer CD44 transicripK in the RNA samples (Fig. 3). The 
largest band detected by all probea, around 850 base paiiS (Fig. 3, 
arrows), could Carry 3 to 4 variant exon sequences. Due 10 hybrid- 
icbtion with all variant exon probes, this band musi represent a 
raixlurc of different mRNA species. One of these mRNAs very likely 
represeins the epithelial variant (vS-vlO) which exhibits a theoretical 
length of H42 base pairs (446 base pairs for CD44s plus 396 base 
pairs). The datti suggest but do not prove thai a CD44 isoform that 
contains v7 and v8 a I the same time is not expressed. This would be 
in agreement with immtinohisiochemisiry, by which we cannot detect 
the transition (v7A'8) epitope. The source of CD44s RNA cannot 
unequivocally be defined. Whether the siraium superficiale synthe* 
sizes only the CD44s isoform or modifies variant epitopes cannot be 
determined from the exisring data. 

Ciircinogcne^is. In distinct contrast lo normal epithelium, 15 of 16 
samples of cervical cancer carry the v7/v8 transition epitope (Fig, IP). 
This indicates that there Is either a drastic change in the modification 
of epitopes or, more likely, a drastic change in the splice panem. 
Funhermore, although immunoslaining is only semiquantitative, an- 
tibody dilution axperimentE have suggested that CD44 expression on 
all cancer cells is enhanced Over normal epithelium. PGR data show 
that almost all samplvs of malignant tissue carry RNA for CD44 splice 
variants (Fig. 4). Fig. 4^ Lanes 6 and P, represents samples with only 
a small number of tumor cells. Therefore, exiractablc CD44v RNa 
was too little to be sufficiently amplified. The tumor cells, however, 
showed strong variant epitope expression in ihe immune staining. The 
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Ft&. 1 ImmuA^isiochemii^ of normal ulerine cervical epithelium (4, C, £, G) and cervjut cancel (S, D, F, H). All normsl Dcnical lUiue lamphr rhow a itrong suining rcAclion 
^ih Oie polyclonal scia aDli-CD44v3-vlO (A), ami-v3-v4 (C). a7xi-v6-v7, VPF7, VFF8. and VFFIG (not .tbown). The siaininfi tcaccion; were limkcd lo Iht stratiim bijule and W\t 
^lum apinwum, while ihc sinium luperfidale remained unsialnBd. Tht- mAh VFF17 showed ny sudning of rwrmyJ epIthcHal pell^ The ynAb SFPJ, dlrccicd vgiilJist CD44s. 
>ied Euongly all u)l layert, Mv$i of ibt wnociil cancer winplcs vhtfwcJ sirong suininB rsaclioni wiQi an polycloDal Kia and mAbs. iDcludiag mAb VFF17. Rq>racnialivc examples 
Shown io Fig. 2. B (inii-CD44v3.vlO>, D (mAb VFH). /" (VFFlT), aad H (mAb SFF2). Avidiij-bioiln-pcr^xidMC complcK wfcihtxi. A-/>, F-R, X 140; X 30; eovn\tr«aiti, 
"'^lOJtyiiiL 



tihidlum bromide siain documems the relative abundance of PGR live abundance of variant exon sequcDoes differed from one sample to 
Products in rumor samples as compared to that of normal epithelium the next. Interestingly, the probes with most abundant expression 
l^posurc difference 20-fold) (Fig. 3). Note, however, thai the band included those front) patiems that at Ihe time of surgery already had 
t^fresponding lo CD44s may originate from stromal cells. The rela- signs of lymph node mctasiascs. 
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Rg. 3. Southern blot analj-sia o£ PGR auqjIJfiwticni produtns from imlividuSj sanjpleiiarooiED^:^^ arvicaJ tuiues. The PCR primers w«r. spacific for CD44 cxonj aditiccat 
10 tht vananl axoo «quwc«. cDNAs w<fe produ(»d t^y reverst iranscriplioo aBd w^sft t<^ed by glyo^raCletiycle plKJSp.hare ichydrogeaRse PCR prior to CDMa amplif.carion. to check" 



for quality and abundance of the cDNA$ syolhe&ized A 

figure, lanes l~4, uoimal wrvical samples of four differeni paiifinis. Exposure dm'e, 45-60 tmn. 



. . - , „ ^ ^ „ . ^i^' products obuincd'wilh tli44 iian'dard'primeis (sec **Maieriali and Meihods") were resolved on 1 0% flgarote f/i 

ood uamfcncU tc a HybotiO N-^ metnwane (Amersha^n). and the same filter was bybridfaxd coosecutively to probes specific for Die variant exons v3'VlO (A-/f) as indicated in the 



A large mRNA species (1440 base 
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frequently produced in the . cervical caicihp 
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hybridization patten*). 0044 v3 to v7 and 
other variants. ' 
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;; set; arrows m Fig, .4). 
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'H transition epitope. In 
i» pcrrhaps (froRi the 
ttD44 v8 to vlO. as well as 



• In conclusien, cfervicaJ carcinomas appear to demonstrate a 2-fold 
change in CD44- expression: enhancement of production and surf ice 
exposures, of* CD44 splice variants; and a cliangc of splice pattern 
Icadiirg to the acquisition of a 'new (transition) epitope. Although it is 
not clear what molecular tiinctions individual splice variants cxerl, the 
change in splice pattern appears to convey selective advantage. Fur- 
ther investigations on different stages of cervical dysplasias will he 
3340 
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Fij. a. Souiheni bl^ ftnilysiji of PCR &mplHicAtion products &titr> individual RAmplts of uicrinc ocrvicil cancer. Ihc tCH pnififtK were the same bs described bi Fig. 3- Tht tCK 
pTOdwos obulncd wj(b ClW4 8i;i))d»id primars (tec "Maicrials and Mclhodi'^ were re$olved On art agarose (/), and after Soulhcni bloube ihe filter was hybridized oonsecurtvcly 
10 probes specific for the variinl exoni v3.vlO (A^H) >s ir^dicaicd on ibe figure. Lane 1. negative cantrol:i!xine Z breast cancer umple u posilivc control; Idnc; 3'-]4, cerviU) cancer 
simple* of 12 diffefftiii paijeau; Uih£ 7, same ojmor as shown In fig. 2, lBxp03urc nirc, 2-5 min iA~H% 15-20 mm (t). 



performed to dBtermine when during carcinogenesis the change in 
v7/v8 epitope expression occurs and to study its pos&ible role as an 
early cancer detection marker. 
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